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1 ~4 ©VN-ftlTb^ 1 «lC|B«®^«m^##:l/-ifmi^. 
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[0 0 0 1] 

[0 0 0 2] 

[^5l5®g^^^] 

^ f 6 ;fe4?)tc, "^yr^irmut mtm^^mW-M t (D 

T, SiiL:5lBI(Z)3^(Z)|a^:ii^?)S:M-r<5SW^e)nTv^-5 s^m^ 

[0 0 0 3] 
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[0 0 0 4] 

lCj:oT, mii!,-^nrzm^tihmt^:^t^o -eUT, nM=i>^^ hJi 1 0 3 
®M±{ca, 1^5 0 nm<Z)Jljyi:^f §S i A': F-^$tl^cnM I ^Geq 

1 04±Cli> mo. 5 /im^mm^Mt^S i*^F-^$tlfenMA 1q 3G 
aQ 7N*Ne>^Sni?^^y KM 1 0 5 ^'^J^^^tiT Vn^c nM^^7 KM 1 0 

[0 0 0 5] 

^®^)fcMi0 6ii, 01 9{c^f <f;e>fc, nM^fc^ff-f KMl 6 1 nm% 

:«f>r KMl 6 l±«^$tlfeMQW ?SttJi 1 6 2 il, MQW 

m^Mi 6 2±{c?^^$4ifcp3i[^^^y 6 3 i:, pM=¥-v^y^Mi 6 3± 

izmm^tirc:pmyt^>( \^Mi 6 4iij?)>?,«i^stiTVNS, nM^;5f>rKMi e 

Ui, JMJI 0 0 nm(Z)llJ?S:;tt5S i:«)^K-^$tlfen§?GaN;b^f>"«;§„ -e 
tT> MQWrn-ffiMl 6 2Ji, ;ii«j2 0 nm(Z)iij?$:;t1--5T> K-^ I q^G 
^0.99^^'^^^4^®I^Ml 6 2 ail, $5f2. 5 nm<Dmm^^t^S i ^'^ 

K-y$tifei hq ^geq gNj&^e>^e 3 6 2b tti^^mzmM-^ 

tlT^^5o P^^^r^y^Ml 6 3tt. m 1 0 nmOmm^^-T^M gif^}^ 

~>^$tlfepMA 1q 2GaQ_gNA^e)^^. r CO p ^Jf 1 6 3 MQ 

W^Sffijgl 6 2® I nmmt^(D^m±t^ZiHZ^'DXMQW^^jiM 1 6 2 
©M^^^MtSrR&iLt-SilllSr^tl-So pM5^6;!f-Y KM 1 6 4 li, ^10 

0 n ni©j^J?S:;ftSM g K- tlfe p MG a N 55^ P, 
[0 0 0 6] 

tbx. mi Siz^t^^iz. ^^Ml 0 6 (pM^;ij'>r KM 1 6 4) ±{c{i 
, mo. 5 /im(Dll^S:^-tSMg^<K->^$tlfcpMA 1q gGaQ 7N75)>e>J& 
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KMl 0 7®M±JC{j:, mo. 5^m<Djl^^^-tSMg75)«K-->^$nfepM 
GaN*^^^-5pMn>^^hMlO 8 7:)'!?^^$tiTV\^„ z:(7)pgtf=r>^^ N 
Ml 0 at^Mi^^y FMl 0 7(^)Mi:{Cj:oT, U^yi^BPl 0 95()^i^fig$tl 

[0 0 0 7] 

04, nM^^yKMlOS, ^3^M1 0 6feJ:0JpM3>^^ 
hMl08Otf®±h, pM^^^y KMl 0 7®^ffi±^llC, J!i«;0. 2;£im(Z)m 
jy^r^tl-SS i 02jl*^^^S«^5l:/n7^Ml 1 0 7i^J^fig$nTV^e„ ^LT 
, pMn^^^ hM 1 0 8±{cii, ptl^r-^ ^v^'ftSl 1 1 *':?^m$tiTV%§ 

0 r<?)p{i;t-^ ^y^^mffil 1 i<Dmm±tmm^uy^Mi l 0®^®®-|P 

MJi!c±i:&Me) j:e)ic, vm^-^^y y^mmi 1 2f)^mm-^tix\>^^o tr^. n^n 

1 3;^)'!?^^$tlTV^-S, nM:t- ^ »y 1 1 3 (D±ffi±{Cii, nilA°>y 

ffil 1 4tiim^^nx\i^^, 

[0 0 0 8] 

33T% 01 8fC^b;^|^e5l^(7)-M{Cj:^^»^^#f2fcl/— tf^i^T'ti, p 
K«ai 1 2 t ntlA^y 1 1 4 t0mizm:^miZ.m&^WMt^ZL 

tlZ^^X. p#lA°^yK«^l 1 2;b^&p{|^:t-^^y^S^l 1 1, Mitm^^ 
mi^^M (10 8-10 3) feJ:t)fnffi}:t-^ ^r^Ml 1 3 ^iftbX. ntIA 

y^mmi 1 4jc«sg^^g^ti-2>c rtiicj;^, i§3^Mi 0 6X]^—^m^m^ir 

So ZKZ)^-^, 5g^Jii 0 6|^©3tli, MQW?SffiJil 6 2 i: nM^^^y KMi 
0 5^J:a«pM^^^>y KMl 0 7 ^i®r^©®^^^{c J: oT, M:&I»IJc^Di2. 

[0 0 0 9] 

tr^. MQW^t&ttMl 6 2i:nM^^^y KJii 0 5^J;t)^pM^?^^y KMl 0 

in^miz. -en^n, mqw^s^mi e 2 imM^^^y km i o 5^«fct?pM 
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[0 0 10] 

?)tlTVNS #fF:S:ilK 2 , *fc, Ga As^S i:^if;b>P);&§ 

[0 0 11] 

H. Ama n ofl& : A p p 1. Phys. Lett. 4 8, 3 5 3 ( 

1 9 8 6) 

[#fF^mi] 

mm^l 0-2 9 4 5 2 2^^Jkm 

#r?§¥ 1 1 -3 4 0 5 8 0 ^^jum 

[0 0 12] 

[|§0^;^)'^f^^bj:e)i:-r^M] 

FMl 0 5feJ:tJ^pS^'5^y KMl 0 7^CMV^&tlSA 1 G a N-^MQW^SISM 
1 6 I nGaNtt, AlM^iB^XJfl nM^^iZ^ <t^ t^^s 

^^±^<t^Zt\Z^^X. MQWmnMl 6 2 iinM^'^^y KM 1 0 5fe<fc 
tjJpM^^^y KMl 0 7ii©ra®JB^^^$::^^<'t'&0li0lliT'&o^Co Z0. 
r^tb. tztX. MQWvSffiMl 6 2i:n^^^^y KM 1 0 5 J:t;fpS^5'i/ K 

Ml 0 7 t(DmiZ. nmytiS-^ FMl 6 l^^XfvM%:if4 KJf 1 6 4 

[0 0 13] 
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# 

6 25:^t^|g^Ml 0 6i}^hnmi7^^^ KM 1 0 5feJ:t)fpl[^^y KM 1 0 7 
f|J*^^^^-9-7 7-f 1 {C^HtS r i: {C j: o T, l/--t?3t(cm^#^^i$ 

[0 0 14] 

f->'7>f TS«1 0 1 i:nM3>^^^ hMl 0 3 aiCD|^ODif&^;fCM-^& 
[0015] 

ttz. mi 8iz^btzm^<D-miz^^mm^^mi^\^-^m^m. 

, IS[Wnm(CjIlATfe</^^S*^^S(7)T\ 1 0 6 ^ p tl;r- ^ 1 

1 1 ^(Z)geii2::^t<t§0*^ffl||-Zr^ofcc Z0^^iz. 1 
0 6i:pi|;r-^>yi'SSi i i i:®i?gil»$ v^®T^ ^)^Mi o SM^® 

:^tV^^||^;t•r€))fc^^p{i;r-^-/^«;^l 1 1 }CiajR$tl5 i: V>e>^||J-^*^ 
[0 0 16] 

^i^Tti, GaAs^S i^if;6^&^;6a«tt, ^SffiM® A> Kd[J^ ^ (MQ 
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tt, ^%WMoy/iy]^^-?-j-flzMbX4^^t^^rzi^. GaAs^S 
[0 0 17] 

[0 0 18] 

^"^^^-zf^ntznmMitm^^mmzit^xm^^^nm^^^t^o^x. pm 

[0 0 19] 

[0 0 2 0] 
[0 0 2 1] 
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*V KJiil^SttMil^r^^fife^tl, ^l®j?^^J:^;%/J^$V^02 0j?*t$:;&•t-5> 
[0 0 2 2] 

KJiaMffiJii:0)^{C, pil3^:;Jf>r KM®^1 ©Jja^J: U %/J^$v^||2®)? 
[0 0 2 3] 

^ma^tr^mMtm^umij-^^^A^mmii. geas^s ifjiEt-^ihf£^mmt 
M^y, mmxo)yt^mmi<iztjt^ztt>^t£\>^<DX\ ^tnzj^cx^, l^vn 

. yt^^mmzmmmizb^fHt-^^^ztij'^x^^o 

[0 0 2 4] 
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[0 0 2 5] 

nmif^^y i^m^^xj^pm^'y^y \^mt<Dm<D^-h. miiMt^m^^^^ \^ 

[0 0 2 6] 

JC b ffi ^ tl *^ n M ^ ^ y KMT'lSiR^ tl S © fe^Ptl-t ?>Zttl^Xn^<DX 
[0 0 2 7] 
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[0 0 2 8] 

mzm^t^ztti^x^^dyx^ mmz.b^ii!ibtzyt^^mizmfisi.t ^ zttf^x 

[0 0 2 9] 

L/TV^;^V^Z:i:$:;Sl5^t'5o L/7S::;5)^o T, ^Mtl7!)^^< F-::^$tlT V^^V^^-^ 

<D^f£^t. Mmbt£\^x^nmii^'pMuxbx\^^m'^%. 2^^^® rr>F 

FM®MSffiS:l^iI±S^^Sz:i:*^T'§5®T^ nm;«f>f FMT'a)«JRS:ffllM 

t^ztff^x^^o ttz. nm^^v \^Miz7f:n<^mm'^m^-^M\>^<DX\ n 

[0 0 3 0] 
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. Ge:^)^K-y$nTV^5„ 3® J: o {C«^t*l«, Gelt. mmmmi^H 

[0 0 3 1] 

fe, yy K-:^®^«m^^#:JS±®nM^9^y FM±{C ntl3t;!/>f FM;&^?^ 
fil$n§#^{Ctt, n«:«;>r FM®MH^ftS:l«J±$itS3i:;6\-T'§-5(Z)T\ n 
«;i/>f FJST'®3t®iR5:WtS3ii;5)^T't'g>o ^fc 7>F-^®S«^ 

[0 0 3 2] 

Mi:®r4»fig$ti, Ge^^F-^$ti^c^»^^##:5b>p,;5:SMS:$6lc# 

F-tf>^^{Cj:SM*(Z)|§45:;t^{CigM-t§ri:^^-e^6o 3ti{Cj:iJ, Ge 
;&^F-^$tifc^«m^##:*^p)^§M±{c?^^$ti-5ni5^9>y FMo^^ 

T'tSo Ge*^F-^$tifc^«^if^#^^M±®ng?^5^); FM±fCn 

^mWWL^t\.^%^\z\t. r,m%ii^ FM®l§H^ffil:fnI±$it§-i: 

<Z)F-lf>i^*S:M1^tSri:{Cj:y, ^^{C, G e F-^Stlfc^-ffctfii^ls 
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[0 0 3 3] 

GaNS^ifcliZ r Bg^^li, G a S i ^ S i ^ if ^Si^S^ilM 
[0 0 3 4] 
[0 0 3 5] 

mat. ^mB(Dmimmmmiz^hma^^mi^\y—^m^(Dm'^^^^b 

[0 0 3 6] 

*^K-::^$^X7^nMGaNS^l® (0 0 0 1) m±\Z. ^1 /im<Dmm^^t 
§7>K-:^GaNM2«fi^$tlTV^€>= ^;J3, nMGaN^^Ui, 3|s:|§^ 
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[0 0 3 7] 

QW?SftJi4 1 a, MQW?SffiM4 I±tc?^fig3tl7^pil3fe;tf>r KM4 2 il, p 
FJi4 2±lCJ^fig$tlfepM^-VUT^n»y^M4 3 i:;^)^^^^$tlT 

>r KM4 2tt, 7^16^® r3>6;!/>r kMj a)-MT'S>So 
[0 0 3 8] 

-ei/T. MQW?SttM4 Ui, mz. 5 nm<0JljS5:^f -Sr^ F->^I 
Ga^_J^Ny()^^,;&§3o®*^#:RJi4 1 a i:, i|i?j2 Q nm(bmW^M-t.^yy 
K-^I nYGa^_YN;&^e,^S3a®S^|l|MM4 1 b a:«)^3^S{C^MStlT V^ 
So z:z:T% X>YT'^y, X=0. l 5> Y = 0. 0 5T?^5o pM^ 
;ij'-r Kji4 2«, I^IO. 1 /iiiKDll^l: ;fr5T> K-:/ I riQQjG agggNTb^ 
e>^So -ebT, pM=^^^U7>^n>y ^M4 3li, ^ 2 0 n m®jlJ?S:^-t-5M 
g:*^K-::^Sti;tpMA 1q 25GaQ 75N;^)^&^So -etT, z:a)^3tJi4}cfe 
V^T, Ptf3fc3!/>f FM4 2lc|9C3li«?)f>ti5)tx:^;;i/:^[fa)iI^T'fe53l6S!Cji«) 
^Eti, J^O. 3 s-efes^ 
[0 0 3 9] 

SI fC5tfJ:e»lC, |g^M4 (pS^^UTy^n^y ^'M4 3) ±lClj:, 
Mg*'5K-^$tlfeA 1q Q^GaQ g3N*^e)^5pM^9»y KM 5 j^t^^^s tlT 

?gfig$4xTV\5. -g-LT, pS^^^y Fji5(D£iiaP<C»mj?li> *«J0. 3 5^mT' 
fey. MJS^^®MJi®il^tt. m^. 0 5/ttmT'feS, pM^^^yFM 
5®M(Di|glj:, mi. 5/[tmT'feS. ^LT, pM^^^y FM5(;[)t5aiJ±}Ctt 
, ;^3 nni®mi?5:^1-SMg;()';F-y$tlfepMl Hq^q^G ggN;b^^4'€) 
pM3><5i^' hM6:*^?^^$tlTv^§o -^-LT, pM^'^^y FJiSCDMi: pM 
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u ^ys:;^P7©M®±i: pMii^^^i; KM5©s^^^LTv^s^®±^{c^t, mo. 2 

[0 0 4 0] 

T> 0 0 nmO^jPSr^tf-ST iM^, ^ 1 5 0 n m®il^S:;t-r 6 P t M 
[0 0 4 1] 

:t-^v^mmi l*^?^fig$tlT^^5o nm^t-^v^mmi i(DM^±izit. 
nm:^-^y^nmi i izm^:^tf'^miz. mi o nm<Dmm^m-t^i^ iMt 

. mi 0 0 nm^mm^M-t^AuMtti^htjt^nm^-^^l/ FS^ 1 2;{)>?^^^tl 
[0 0 4 2] 

FM^■^#^L^V^(Z)■r\ MQW?S'I4M4 1 T'|§^ Lfc^&ffi^fce^lC nMG a N 
««l{B!l{CU*m$i±S^il;6'JT'^S, rtl{C<fcV. n^G a NS^K 1 -(WlC L*^ 

m^titz^^. mmfi^\^-^-$nrcnmG aN£mi(D:^mmmmzj: 

ttJff4 1 T'|§^L.fe3^S:^$fe69{CnMG aN^^Kl tltCL/JJiLm^itSr il*^T'$ 
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^Zt^'^X^^^o tfe, nMGaN«=Rltt, G & A s ^ S i fjiEiH^ibfJi^m^ 

4 1 ^(^)^^TV'^>K^f^■vy:;^;^)^l8|5g6^^C^^^:L^5V^o MQW?S'ffiM4 
1 lc^A3tifejE?Ltt, nM^^^y KM 3 i:MQW?SffiM4 1 t<D^(J);iy 
•Y :/^$:^x.{C < <7&-g)(DT% iE?L® nSH^'^^y Kit 3 ^O^T-A- 7 n - & 

[0 0 4 3] 

^:^^K-:;^StifenMGaN»;Kl ©^MWfi^fCi: y r 

o tfc, ^M#/i:Lr^^$: K-:/f<5 lilted; oT. iE^tC J; oT nMG a N 

««1 {c;f;Mife^^$:^^6«;iC?^^!^-t-S3i:*^T'#S®T, nMGaN^JKl {C 

[0 0 4 4] 

Si:^t>tc, -e®T> K-:/©nM^^^y KM3 Srr^ K-^G a NM 2±{c?^ 
^•tSri:{cJ:oT, T> F-y©nM^5^y KM 3 (Z)M^ttS:[6i±$-&-5, 3 i: 

f)^X^. -e(7)±{C?^^$tl^MQW?SftM4 1 (D|gH^'i4t;fB]±$-y:^3^ 

-•:f(Dnm^^y KM3 33J;tJfT> K-^GaNM2icii;f:M^mfi^7&^?^^$ti 

S„ ^fc, T>K-yGaNM2T'®)feMt;fflIft|t-§3ii;()^T'#S„ *7^, 7 
> K-^GaNM2 0jiE^S:Mti5-tS3^{CJ:oT> ^31&M4 i: nSG a N«;K 
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1 t(D^m^m^(D^m imimmmmx^\t. m^tim) \zmm'r^ztfi^-^^ 

[0 0 4 5] 

[0 0 4 6] 

*fe> mimmmmxit. pM3^^>f KM4 2S:GaN®f&^^IS:j:y%:*:t 
V^^&^•^l5:$:^f S I riQ QjG Eq ggN{Cf SClillCioT, GaNj;tJ%/Js$ 

3 fe<i;t>*pMA 1q Q7G aQ g3N*^P>^SpS^^^^:y KM 5 lc|g^L/felS^^$: 
Ji^1-S3i:A'5T*^S, rtilCcfcU, pM^-vUTyn*y^M4 3 feitJfpM^ 
KM5©i^^ffiS:|Bl±$-^S3i:;{)^T'$So pM^^^^v KM 5±{c?^ 

pM=r>^5f^ hM6(7)^H^ffi%|Hl±$ii:^3i:y?)'5t?^-5o $^{c, pti 
3^;«j*>r KM4 2 $:r> K-^lcl-sriitcioT, p{ai)^;!j'-r KM4 2 tc{i, ^ 
MWfiA^?^figSti^v\o -e^^g^, P«:35f-f KM4 2, vm^^vr^uv 
^M4 3, pM^^y KM5fej:tJfpM=r>^jr^ hM 6 T'O^^M^^ffllMSti-S) 
(DX\ 3tlJCj:oT%, MQW?S'f£M4 lT'l§^Lfc3fe$:ffi^6^tCnMGaNa 

[0 0 4 7] 

imimm\zii^^itm^^mw>\y--'^m^<j^mm-:^n^7s\z'D\^xmm'r^. 

[0 0 4 8] 

^f, S3 lC^1-j:e){C, MO CVD?S (Metal Organic Che 
mical Vapor Deposition: ^^^M^ffi*!^^) &MV^T 
, nMGaNS^l±lC, r>K-:^GaNM2, nM^^^yKM3. |g3^M4 
> pM^^y KM5fej:tJtpM3>^^ hM6 SriSr^J^^f 5o 
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[0 0 4 9] 

mmif^\^-:f^ntcinmGaNmi^i0 (o o o d ®±{c, mi fim(Dm^^ 

^•t^7y\^--:fGaNM2i:mmt^. MV^T, 7> K-^G a Njf 2±{C, 

3 iim^t^o 

[0 0 5 0] 

X\ T> K-^CDnS^^^y KM3±{C, ^3. 5 n mCDM^Sr^f-Sr > K- 
Zfl nxGa^_xN;^)^pJ^;5 3o(Z)*^#:pJi4 1 a $«j2 0 n m(Z)jlj?S:^'r 
5r>K-yi nYGa^_YN;^>^&J5;5 3o(^)Iii^|fMJi4 1 h t^^mz^-^^ 
-frSo 3tl{Cj:y, nM^^^y KS3±IC, MQW?gttM4 1 ;!)^?^^$tl'5o 
V^T. MQWvS'l4M4 1±IC, /^O. 1 fimOmm^Mt^Ty \^-:f 1 
G a 0. 99^ ^ ^ ^ P ^^^"l" f'*^ 4 2 $ „ 

[0 0 5 1] 

r^{c, «M^^ji^9 5o°c(Dm-^i&mizuwi'rc:y^mx\ pm^^i^z-t fm4 

2±{C, J^2 0 nm(Dmm^^t^Mstl^\^--:f^nrcpmAlQ 2^GeiQ 7gN 
[0 0 5 2] 

mx% l§^M4 (pM^-^UT>^n^yi^M4 3) ±{C, mo. 3 5 fim<Dmm^ 
*'rSMg:«)'!K-:^$nfepMA 1q Q^GdQ g3N7^)^^>^§pS^^>y KM5 5: 

-:;^$tlfcpMl ng QjGaQ ggN;&^?,;&SpM3>^^^ hMQ^^^-^'&^o 
[0 0 5 3] 

04 lC:mi" j:e){C, ^^X-^CVD^ (Chemical Vapor 
D e p o s i t i o n : fb^^fflii^^) ^MVnT. p > ^ ^ h jf 6 ±65 
i$i^^®JC, ,1t5f 1 ^ni®JlJP$:^-t-2> S i OgHl 3 S:?^^t^. $6(C, Si 
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/i^-y 1 4 ^m^t^o 

[0 0 5 4] 

rklZ. C F4;ij*::^{C cfcSR I (Reactive Ion Etchin 
g : M/Stt-r:t>x^y5^>^^) 5:MV^T, l/i^X h 1 4 Srvx^' il L 

T, S i Ogl^l 3 Srx^y^vyt-So ZltllCj:^. SI 5 {C^t* J: e) IC, mi. 

XhA^->14^|^S1-S„ 
[0 0 5 5] 

meiZBt^oK. C l2**:^tCj:SR I E^£l:Mv^r, Si 021^13 

M5(7)i5g|Ja^®M€OJl^;()^> ^0. 0 5 ;tt mic;&5 J:^IC. xvy^>^r^$ 
l:0JiIt5o r(Z>^, HF^xyf^-v> h$:MVNT, S i OgJll 3 

o 

[0 0 5 6] 

mz. muzmt^oiz. ^^XvCVD^^MVNT, pM^'^^y Fji5feJ; 
t?pM=i>^d7 hM6®^®SrSe> j:9(C, S^JO. 2 a* mODl^^Sr^^-rs S i O 
2^ (S^itf) ^mmbtz^. y^i-hV^J^^y^nm^^tfCF^ij'MZj:^ 
R I E^5I$:MV^T, pM=i>^^ hM60±M;O'^Mm-tSJ:e){C, -e^SiOg 
i^(D-BP§:l^5S^Sra{Cj:oT, S i OgHA^&JfcSSSS^^n ^y i'M 8 

[0 0 5 7] 

^^■t^P dMt. m2 4: 0 nm(Dmm^^t^AuMt. mZ4 0 nmOmm 
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[0 0 5 8] 

*^(C, miiZmbtc^t>lZ, nMGaNaiRl®mffiS:iffit'Sr^{Cj:o 
> M^MMm^^^^X. nMGaNS«l(;[)affi±{C, nSGaNa;Kl^Ciev^ 

i)^^^£^nm:i--^vi^mmi i^m^t^o tbx. M^mmm^m^x. n 

M:t-^''y^MMl 1®M±{C, nm^t-^y^mMl 1 Ci£v^^7&^^Jli{c, 
J^l 0 nm(DlIj?^;t-t§N i jfi:, ^7 0 0 nmtDmi^^^t^AuMtf}^^ 
^SnifA^y F«^l 2^0^1-S. ZIOD J: o {C LT, ^ 1 HilJ^figfC iSg^b 

[0 0 5 9] 

mmmmx&:s>o mQ^^mix. zm2mmmmxit. ±mmimmmm(D 
mmmtmmx&^o 

[0 0 6 0] 

^ ® ^ 2 11:^0® fc J: S b b - if H^-i? {i. Bf 9 {c^f J: e) (c, 

ft^M (4 1-4 4) JCjioT, ^2||»MfCj:S|g)tJi4 a«fig$tlTV^ 
[0 0 6 1] 



1 9 
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^LTfey, pm^:fS-(h*M4 2(Dmm mo. l^m) J:^J%/i^$V^. ttz. 
^3tJi4 a^CfeV^T, pffi!(3fc:if-f KM4 2®)fc^Cii«>^IS[tt, $<I0. 32i:)5; 

nil)16;^'-r FJl4 403tWCM« ($<J0. 1 5) tt, p«;!/>fKM42® 
)fel!Diii«?)^iC ($!iO. 3 2) ® l/2OTi:'5;-5„ 
[0 0 6 2] 

ttM4l^®^}C, pM)t;^-r Kji4 2®JIJ? (|?J0. 1 /cim) J:y%/h$VN|l 
J? (i^O.O 5;am) S:Wt5n{i3t;!f>f KM4 4S:ig:i:rsri:{Cj:oT, nif 
)fe;«f>f KM4 4®316iBl:^iiMIS[ ($«;o. i 5) ;!)^ p 
^B. imo. 3 2) J: 'J^/jN$ <;fe6©T% MQW?SttJi4 1 T'IS4 

•^ntcnrnGaNrnmi 0^MWfi{C J: y it-S r ^ § CP T% 1/ - 
[0 0 6 3] 

KM3±{C0^$tl5®T% nffiff3t;J/-ir FM4 4 ®^^ftS:(&i±$it<5 i:*«T' 
[0 0 6 4] 

j&fe. ii2^M?^]^®-e(Z)flS(Z)?)ff^ti, ^i^mmmtmmx&^. 

[0 0 6 5] 



2 0 
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mmmx^:^^. miommbx. ^(D^smmmmxit. ±mmimmm 

[0 0 6 6] 

, »^2 0nni®mjpS:;^t57>K-^Alo 25Gao 75N;:,>^4^SnM=^-tU 
'M4 1, pif^;«f>f KM4 2feJ:a5pM:^^U7>^ny^M4 3*m^^$ 

3®JSWfcJ:yfMQW?gttM4 l®Mtf^j:Ut;/J^$V^®^$?:#t-So 
t)t. nm^^V7^Uv!;M4 5. nM^^'V KM3 fe<fcOfMQW?!5'M4 1 
®®#f^®;^/hM^tt, nM^^y7>^n^>^M4 5<nM^9^i/ FM3<MQ 
W?S'M4 1T^S, *fc, ni!!^^U7^n^y^'M4 7>K-:^®nM 
^ ^ F« 3 (?) A> Kdf?^ y J: t>'MQ WMttji4 1 ® A> ^ j: U % 

:^^V^A>F^^>y:/?g:;t1-S„ -etT, ±iB^«^4i^^#M (4 1-4 3 
> 4 5) (Cj:oT, ^3||ii?^fi§(CJ:5^3tM4 b5{)^=i^Stlrv^5„ 
[0 0 6 7] 

ttM 4 1 i: © r^tc, 7 > K - ^® n S ^ 7 >y KM 3 0B«f ^ J: y $ v >®ff^ 
':fn^v!;M4 5^i)^mmM^\^nm^^^y h^MZizm\:72^ib^n^t>tt 

M^^u7^^n^y^M4 bmi-f^nx\^^mM, nm^^v msomm 
^')^i^^^mm^^t^MQwmM4: uzytm<m}:^72^i^^^6(Dx% 

nM^^^y FM3/x®^®L*ffiL*MN$<)&€>o Z0^diz. ^immBMiZ 



2 1 
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[0 0 6 8] 

lt<Dmz. nM^9>y KM3(©A> K=^f^^);^fej;r;MQW?SftJi4 1 ® A> 
K^-Y^y^J; 'J^;^tv>7N'> ^y ^^r^fT-S riM^i"; T «y ^ji4 5 I: 
igit-5Z.i:Jci:oT, nM^^^y KM 3 M Q w?SttM 4 1 i:0r^(Z)A> K^-v 
nM^-vy7>^n*y^'M4 5 i:MQW^Sf£M4 1 to^moAy K 
^^V':f%.(Dljfi^±n\^<r>X. E?LOnM^5^y KM3/\©:f-7l-7n-$: J; 

[0 0 6 9] 

ii3ii»fii<z)^®flfi®^^tt, mi%WMmtn%x-&^o 

[0 0 7 0] 

, (^4||»ffi) 

01 Itt, *l§^om4^il^fi|{cJ;5^f[:ife^^##;l/--if^i^OD»Tffi0T* 
feSo 011S:#flgLT> r0||4||M?|^^T'lj:, ±fB^ 1 -1^3 ||J6?^^iiM 
n§![GaN««l±{C, G e K-^^ tlAc nM^ 5 ^y KM 2 1 ^W^^L 

[0 0 7 1] 

, mmif^\^-zf-^nf=.nm.Ga.^mwLi(D (good ffi±{c, mi^m^mt 

M^®ilJ?fej:t>*IM§:Jft§r> K- a NJf 2 A'Jj^^^tiTV^So 
[0 0 7 2] 

ZZX. m^mmBmXlts r>K-:^GaNM2±{C, »«J1 ^mCDJlj?5:>t 

nSA 1q Q^GdQ ggN^ijNp^fdiSnM^^^y Kji2 1»^$4^TV^S„ 'On 
S[^7«y KM2 uc K~:;^$tifcGett, S i (;9|Si^^|S:<J; 'J=fe;:^t<. 



2 2 
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[0 0 7 3] 
[0 0 7 4] 

04^J60^T*«, ±fB(Z)<fce>(C, nM^5^y KM2 UC^^b^^^^^hll 
^^IS:*'^^£V^G e 5: K- ^"T ^ 3 i: {C J; o T, nM F-/^°> h ^ LTjI^M V^ Pj 

T'^, -eOnM^^^^y KM2 l±fC?^^$tl.5MQW?S'S»4 l <Z)|gH^ffi 

%f&I±$it^3i:*'5T't§o ^tllCiU, nM^5^y KM2 1 T'C!)5^®;K$:M 

M2 1 ©SmfflS:0JWt-5z:i:*'?T'#6o 

[0 0 7 5] 
[0 0 7 6] 

feSo iai2l:#fl^LT, 3(D^5^M?^ST'li, ±12111 4 HJgJ^ffiCD U 

3 l^CJ:^Jm!^$^^^5ffe)M{Co^^Tm0>^-r-5o 
[0 0 7 7] 



2 3 
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, mm^'^h^-^-^nr^nrnGaNmuKD (ooou ®±(c. mimmmmt 

[0 0 7 8] 

^LT. pM^'^^y KJi5fej:t>*pM:3>^^ hM6{Ctt, (C) 

>aA^tisz:i:{cj:y?i^figStife$«ro. 3 2 ^m(D^A$^^^^t^-(^y^ 
AM3 l*^iglt^4xTv>5o -eLT. >r;r>^AStifc^0!g«®l^-^^$ii 
, P^ny^!; hM6 0)±mf)^bmo. 2 3 ^ m® pM^' 9 Kii 5 ©M^I^IC 

, «^S^ji2&S3 2^:^S^:r>'^iA$tlTV^;&V^fIJgc (^^AMm) it. 

'<:i-yi)^^mi^^^iz-i^A-^t\,^^tiz^^x. m<Dmm^v ^u^^m^^<^ 

^^^Pte{c<fcyifjgirLi:^§(Z)T% «?igi5^MiiLTaigf -static, ^g^^ 

[0 0 7 9] 

''^S«fi^il3 3*^?^^$tlT^^So r®ian^3 3 a<?)i|ili, «?SfgJlM3 2® 
l|iJ:^;=fe/i^$<)&Sj:e)^C^^^$tlTV^So ^bX. mmms 3 (D±m±lZlt. 

mmms z(Dma33 3 a^^vx. pmny^^ hMe(D±mizmmt^iit 

=fo{C, ;»fe^iK3 3<Z)±ffi±(c®t)t5J:e)}C, Pif:t-^y^a;l3 4*^?^^$tl 
TV>S„ 3(Z)p{i;f-^>y^S®3 4{j:, TM*^&±M{CtooT, $<jlnm® 
M^$:^1-§Ptjii:, mi 0 0 nm<Dmm^^t^F dMt. ltl2 4 0 nm(Z) 
MiS^r^-tSAuM^, 4 0 nm®mj$:^t'g>N iJiilA^^J&S. -g-LT 
> pM;r-^^y^ma3 4 0±®±{Ctt, Tji;{)^e>±M^CfRrJ5)^oT, *<J10 0n 
m©J1^5:^tSTiM^, m 1 5 0 nm(Dmm^^t^P t Mt. ms fim(D 
llftS:*t6AuMil:«)^^^;Sp{|l!f/N°^y K«ffi3 5 W^$tlTVN€.„ ^ fc, n 
SGaNS«l®«ffi±{C«, n§?GaNS«^{Ci£v^;?;&^P)J«{C, ^ 1 ^M?^ 
®^^m®JlJ¥fcj:0t,:|a^5.;^-^^niI:pf-^^),^«Ml 1 <fc tJ^ n M/^ 



2 4 
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Ml 2«7^?^fi^$tlT^^§o 
[0 0 8 0] 

^m^t^ztizj:^x. ^(DmijMm\:^&i^^n^ z.tfy^x^^0x. 

MG a NS® 1 if{C L*ffi$tlfe3fe$:, n^G a NS« 1 (D^fUmmz^ U ® 

[0 0 8 1] 
[0 0 8 2] 

01 3-01 Bit, mi 2iz^brzm5mmmmiz^:s>mm^^mi^u—if 
m^0m^-fu^:'.^^mt?>rzi^mmmx:^^o mz. mi z^mi 
mbx. ^5mmmm^zJ:^mitm^^mi^u—^m^0mmzru■\z:^^z'D\^^x 

[0 0 8 3] 

t-f. mi 3izmt^^iz. ^iMmmmtmmo)m^-:^u'^x^m^x. m 

^5&^K-^$tl?tnMG aNSSl ® (0 0 0 1 ) ®±JC, 7>K->''GaNM 
2;*^P,pS!!3>^^l^M6*T'$:Ji^k?^^t§o mz. :/7XvC VD^&ffl^^ 

ymm^M^^x;i^-~yift^ztiz^-DX. ^2. 2fimom^^t^y^ 
h^^-f^ m^m OS i 02;^)^e>^s>f:t>^iA"7^^M3 6 ^m^t^. 

■eUT, >f:t>aAv;^^?M3 6fei:tJfpMii>^^ hJg6©S®$:Se) j:^{C 
, S i 02*>^^S;^;i/-j^3 7$:?^^-rSo 

[0 0 8 4] 
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O^pMn^^^ hM6{C, *<J0. 3 2 ^m®aA^$$:«1-<5>f:t>?iAM3 1 

. 1 fim^m^^t^mWMMm^ 2tl^m^^ti^a Z:iX\ Rp + ARp$:^£ 
A^$ (-f^^^^AJSS ii^^Lfc, ^fe, Rptitf-^^^ST'^y 

, ARvitmmo)nmm^v&^o ttz. -f;r>^iA^{c. >r:t>^iAvx^M 
3 6®TiJtc, >f;r>®^:^fSj/\®j[S*^y (ARi) ;5)^*ij€)o >r:t 
>liA^®-f;r>aAT7.^ji3 6®i|i|&Wi:t-5i:, >r:t>aAvxi'M3 6 
<Dr^(0^ :tyi)^^A'^nf£\i^m(DmBit. B=W- 2 X AR 1 i:J5;-5o 
[0 0 8 5] 

i?)*+^{cffe){c«, >f;^->ffiA$fifcMa(D^MW^®^;^#[«5 X l o 

VNT, ;^;i/-li3 7S:B^5S-rs„ 
[0 0 8 6] 

mz. mi 5\zBt^oiz. m^\^-j^mmm^M\>^x. pSn^^i^hMe 

fe<fctJ^>f;f >aAv';^^jB3 6 J: -5 (C, 0 n m(DJ?*i$:;t1--g) 

Z r 02;^)^fe?&'S$eW3 3 $:m^-0Sa:;^(6l;()^^^«1-S„ ZiliZ^i). -f;r 
>aAv;^^M3 60MMIfl5{ctt, i!ifiijii^3 3 ^±^^^:^H?^^$n3&v^3 

[0 0 8 7] 

^kiZ. mi QlZmt^diZ. y-jm^:^^y^^yhizj:^x.v^y'^''^^oZ 

3 6®{i(!lM^|5C'(£g-r5i!iei^!S3 3(^i5>i7!)^^^{Ci?3S$tlS„ ^LT, >f:t>?i 
AV7>^Ji3 6tt, >f;r>^A'7;i^Jg3 6 ®iIMSfCSg1--g>,feW 3 3 ^b'!!^ 

5fe$^fc^, %^izm^^n^o ^omm. mmmmms 2(D±M±izma3s 
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[0 0 8 8] 

±mizmMt^tt%iz^ mums 3(D±m±izmxj^^^oiz. rMfi'<o±Miz 

Mt. ^2 4 0 nmOmmk^t^AuMt. ^2 4 0 nm(D^m^^t^N i 

3 4±{C, TM*^&±M(C|«I>{)^oT, ^(^1 0 0 nm<DmM^^t^T iMt. ^ 
1 5 0 nm(Dmm^^t^P tMt. $tJ3 m®iK¥5:^1--S> A ujfi^Tb^^^S 

pmnymms^^mmt^a nmGaNm^i^mMo^mizfA^t 

X-mmbtc^. nSGaNS«l(Z)«ffi±{C, nSG a N^^K 1 ^CJSV^;^;()^ ^jJi 
[0 0 8 9] 

mint, ^^m<DmemMmmiz^:s>u^i^^^mi$>\y~'^m^o)^mmv 

mo &Nmmzj^^X. T> F->^OZ r B2««5 1 S:MV^^tM^COV^T^^ 
[0 0 9 0] 

^(Dmemmmmiz^^mmm^mi^iy-^m^xit. mi uzBt^oiz 

, r>F-^OZrB2««5 10 (0 0 0 1) ®±{C, ^ 1 ||Sg?|^fi| R^OD 

-yFJiS, ^3l6ji4, pM^^^y KM5 J3J;t;pSn>^^ hji6) f^m^Amm 
ZrBg^^Sltt, *|i|^<7) ^l|ffc^|%^#)(S^;5,^PJ^§g;KJ <D-mX$>^o t 

2i^fi^^^£^nm-fuv^M8ff^m^^nx\f^^o -ei/T, ^?<z)niii3j;t>'p 
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1 2^^0^$tlTV^€>o 
[0 0 9 1] 

SZ r B2§:*Ji|^i:tSZ r BgMS 1 ti, 5§«;^{Cjt<f LT/J>$ t-^*-5> A> K 
^^v^^^t^^mi^ (S ifeJ;t^*GaAs;&if) ;&^e)J&€)««iiMJ5: U , Z 

[0 0 9 2] 
[0 0 9 3] 

is&m\Hx<Dt^x(D^Mtf^^tn^. 

[0 0 9 4] 

itm?h^mm'^f£^M^m^t^^oizLx^j:\<\ z^h^-jiyhtbxco 



2 8 
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%^mm± izm^ § tl ^ n M ^ ^ KM J: mmomm S: fnl± $ It 5 

^^^mm±(Dnm^^y h^M±iznmm'>( \^Mm^^n^m^izit. n 

[0 0 9 5] 

^Mmm^-^-^^^^lZhtz-fyK :^mitZ^lzm^t. HVPE^S (Hy 
dride Vapor Phase E p i t a x y : A^>r F^^Bfig*^) 
, ^J:t>\ TMAl, TMGa, TMIn, NHg, S i H4, GeH^feiO^C 
P2Mg^i:*S:M3|^:if;^^LTMV^5;5f;^y-;^MBE^ (Mo 1 e cu 1 a r 

Beam Epitaxy: ^^B^i^ ^ ^i/^ Jl^:^,^) >fcifS:MV^T, g 
ft:%^4^##:#M J: e) {c L T % <fc 

[0 0 9 6] 

^Bf^i^memmmmxit. mmtbx^mm'f'^pi (mqw) « 
^iS:Mv^-^.M?:^bfc;^)\ ^mmtztiizm^t. M^mm^^bf£\>^mm(D^ 

[0 0 9 7] 

^^izmmitztiK ^mmtznizm^t. m^tmmt.<D^mmo. 

tm^t^mm^th^, ttc. mmtm^Mt^mm^m^ fim&.±(Dm'^izit 
, rnxo^ytntiM^:^ <f£^(Dx. iy-^yb(D^mm^yf-t^izfji:s>mm^^ 

So 



2 9 
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[0 0 9 8] 

> ^^^mitZtHZm^o-f. InGaN, A 1 G a NfeJ:t)fA 1 G a I nN;fcif*^ 
aBN, InGaBN. Al G a B NfeckOfAl G a I n B N;^if;6^e>J5:-5X'K 

CO 0 9 9] 

Mv^§J:e){CLfe^^, ^Ig^lidtltCPSej-r, S, Se, Te, P, As^^Xf 

^1-S7> K-:;^! nGaN>^)^e>;&SS«S:Mv^•5<fce)^CbT=feJ:V^. 
[0 10 0] 

tfz. ±faill~l|5||i6?^«T'li, ^«^^##:CD#Ji®^®*'^ (0 0 0 

1) mizrj^^^^izmMbr:it>\ ^^mmitz^izm^-f. mtm^^mi^<D^M 
(Dmmi)m<D:^mizf£^^oizmMLx%^\\ r^-nxif. mtm^^mi^o^^ 
Mommti^ (1-10 0)^(11-20) m^jtif(D (h, k. -h-k. o) 

[0 10 1] 

±m^2mmmmxit, nM^;^-r km4 4 0D^Ki;jii4?)M;()^ii&o. 
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[0 10 2] 

±i^y^:^^<Dmitmmmm^m^m^^ii^ztii^x^^:s>o tztdb. zre 

2® (0 0 0 1) Mli, GaN ll0^^mmmmmK4^^\^(DX\ ZrB^ii'^ 
[0 10 3] 

tf^^K-^^tlJ^Z r B2««?®^»gi^m&(Cj:y®JR$ia:§c:i:j{)^T'^5o Zl 

[0 10 4] 
[|g^0^m] 

«SS^I&f^«M;0'fii:^ tS^Srfflltl't^zii: ii^^mt^mim^^mi^' U ~ lf 

mi] 

[02] 



3 1 
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[05] 

^^^z^\-t-mimmmm\z^^mm^^mii^v-^m^(D^mzfu±7.ik 

f -5 ® fif ® 0 T' S , 
[07] 

^ -t ^ 0 ® 0 T' -5 o 
[0 8] 

0 1 fc^ Lfcn 1 mmmm\zi:^m\:m^^m^v-^mi-<^m^:fn^7.ik 

[09] 
[010] 

[011] 

[012] 



3 2 
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[013] 
[014] 

m 1 2 L fen 5 mmmmiz ^ ^mitm^^miiiiy-'\fm^<DmMzfn^ x 

[015] 

mi 6] 

0 1 2 {c^ L 5 mmmmiz ^ ^mitm^^mi^u-^m^0m^:fu± x 

M t -5 ;^ * <Z) irffiHT* S o 
[017] 

[01 8] 
[019] 

2 T>K-:/GaNji (r>F-::^®M«m4^^^$:;i^e3;&SM) 

3 nM^^^y KiS (7> K->^0ng!!^^7 KM) 
5 pM^'^^yFM 

2 1 nSff^^vyKM 

4 1 MQW^SftJi 

4 2 p«;«/-Y KM (3t;!f>r Kjf) 
4 4 nm^:ff^h*M 
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me] 
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41a— k 
41b — 
41a— 1 
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[mi2] 



12 
[013] 
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[014] 
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mSE^^ 2003-3053263 



#2002-275 

[^16] 
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108 109 111 



102- 
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106 
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?^^$ti, Pfi!l^;i/-f KM4 2<Dm^J:^;%/^$v^$^I0. 0 5 a mCDllj^lrtt 
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